INTRODUCTION
The presence of persistent pollutants can adversely impact Great Lakes wildlife, biodiversity and aquatic ecosystems. Environment Canada, together with collaborating agencies, conducts multi-media long-term research and monitoring (Table 1) Although each programme has associated reporting obligations, we have not previously attempted to present an all-encompassing overview of the results of all of our Great Lakes research and monitoring. In this paper, we present a review of selected observations from our Great Lakes studies, and assess the concurrence, or lack thereof, in general trends in environmental quality as it relates to toxic chemicals across the breadth of the basin in a range of environmental compartments. This review is far from comprehensive, and focuses on legacy and new chemicals for which we have the most complete data sets. However, in a general sense the contaminant classes discussed serve as proxies for other pollutants with similar production and usage patterns. Spatial distributions and temporal trends are assessed and show the response in the ambient environment to toxic reduction initiatives at local, regional and continental scales. For example, depositional sediments from Great Lakes tributaries can screen watersheds for potential upstream sources of toxics, sediment cores and archived sediment samples can hind-cast trends, while fish levels demonstrate the level of bioaccumulation in the food chain. We also describe the evolution of programmes to include information on the presence of contaminants of new and emerging concern in the basin, in addition to continuing to maintain a high level of vigilance with respect to legacy compounds that are still considered priority pollutants in some jurisdictions. Specific objectives of the review are as follows:
• Determine general occurrence and spatial distributions of toxics in the Great Lakes, including the latest generation of contaminants associated with consumer products (perfluorinated compounds and brominated flame retardants (BFRs)).
• Measure temporal trends of contaminants and assess against production and usage, and assess the efficacy of binational initiatives to reduce discharges of legacy toxics.
• Assess primary sources of contaminants.
METHODS

Sample collection
Detailed descriptions of field methods are provided in various publications (Table 2) .
Surface water
Connecting channel samples were collected from January Open-lake surface water samples (1 sample/site/survey) were collected aboard the CCGS Limnos in spring of the sampling year for organic pollutants using the PoPCart, a clean sample collection system designed to collect, filter and dispense water into glass bottles without exposing the sample to air and other sources of contamination. Samples for metal analysis were collected during the spring cruise Extracts were cleaned up using columns containing 3% deactivated silica gel overlaid with 10% deactivated alumina and analysed by GC/ECD. Total PCBs for sediments in Lakes Erie and Ontario were based on the sum total of 103 individual congeners and were not corrected for blanks or surrogate recoveries. Total PCBs for Lake Michigan sediments were based on the sum total of 110 individual congeners; total PCB concentrations less than 4 ng/g were blank-corrected.
For organochlorine/PCB analysis of fish samples, fish homogenates were mixed with sodium sulfate until free flowing and extracted with 1:1 dichloromethane hexane. Thirty per cent of the extract is used for lipid determination.
The remainder of the extract was cleaned up using a series of chromatographic columns starting with gel permeation chromatography and followed by partially deactivated florisil. Final extracts were analysed using GC/ECD.
Data analyses
Surface water
Whole water open lake data are individually compared spatially to other sites on the same lake as well as a lakewide comparison to the other Great Lakes. These data are also compared to connecting channel whole water data for Lakes Huron, Erie and Ontario, which is a more robust Exceedances of CCME aquatic life guidelines (CCME ) or Ontario provincial water quality objectives (PWQO) occurred much less frequently, but were observed for atrazine, dicamba, 2,4-D, mecoprop, diazinon, chlorpyrifos and malathion.
In addition, the programme addresses specific issues such as the occurrence of the larvacide methoprene used to control mosquitoes and applied to prevent the spread of the West Nile virus. Where applied, methoprene was frequently detected in storm sewers throughout the late spring and summer, but methoprene and its metabolites were rarely found in receiving waters in southern Ontario were typically in the 50-90% range (Table 4) .
Sediment
Sediments in the Great Lakes generally represent a primary sink for contaminants (Schneider et al. ) , and can act as a source to benthic invertebrates through direct contact, or (Table 5) . Table 5 Lake Ontario data from Marvin et al. (2003a) .
Lake Erie data from Painter et al. (2001) . Lake St. Clair data from Gewurtz et al. (2007) .
Lake Superior and Lake Huron data from Gewurtz et al. (2008) . Therefore, the reductions in contaminant concentrations shown in Table 5 generally represent contamination in offshore depositional areas.
Surveys conducted in Lake Erie in 1997 (Painter et al.
)
and Lake Ontario in 1998 (Marvin et al. b) showed that surficial sediment PCB concentrations have Lake Huron appear to have been reduced to the point that no apparent spatial pattern exists. Historical studies had indicated that mercury contamination in Saginaw Bay and Georgian Bay were sources of mercury to southern Lake Huron and Lake St. Clair (Thomas ). Our most recent studies indicate these source areas are no longer significant.
As in the historical studies, elevated concentrations of mercury were found in the central and east-central areas of Lake St. Clair (2000) , the western basin of Lake Erie (1997 Erie ( -1998 and the three major depositional basins of Lake Ontario 
